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0.
$k$ 0 , $\overline{k}$ , $n$ $n>4$ . $k$ $n$
$f(X)\in k[X]$ , $n$ $a_{1},$ $\ldots,$ $a_{n}\in$
$\ovalbox{\tt\small REJECT}$ . $f(X)$ $k$ , $k$
$a_{1},$ $\ldots,$ $a_{n}$ : , $(a_{1,..\prime}.a_{n})\in \mathrm{A}^{n}(\overline{k})$
$k$ $n$ If $:=\{F\in k[X_{1}, .., X_{n}]|F(a_{1,1}..a_{n})=0\}$
$\mathrm{G}\mathrm{a}1(f/k)$ $=$ $\{\sigma\in \mathrm{S}_{n}|\sigma(I_{f})\subseteq I_{f}\}$ .
$a_{1},$ $\ldots,$ $a_{n}$
$\sigma\in \mathrm{S}_{n}$ (& $n$ ,
). $f(X)$ $k$ (\ ) $\mathrm{S}\mathrm{p}1(f/k)=k(a_{1}, \ldots, a_{n})$ , $\mathrm{G}\mathrm{a}1(f/k)$
$k(a_{1}, \ldots, a_{n})/k$ .
$f(X)\in k[X]$ , $k$ $Xf$ :
$X_{f}|$. $y^{2}$ $=$ $f(x)$ (1)
, $f\mapsto Xf$ $\mathrm{G}\mathrm{a}1(f/k)$ , $\mathrm{G}\mathrm{a}1(f/k1)$
$X_{f}$ . ,
( 1, 2) .
, , :
[7], Mumford [9] Appendix. Zarhin
([11]) . , 1 , ([9])
W.Meyer [5] , , $\mathrm{m}\mathrm{o}\mathrm{d} 2$
F2 .
1. 1
$X_{f}$ 9 $n$ (resp. ) $n=2g+1$ (resp.
$n=2g+2)$ . $n,g$ . $Xf$ $X;\ni(x, y)\mapsto x\in \mathrm{P}^{1}$
$\mathrm{P}^{1}$ 2 ,
$B_{f}$ $=$ $\{$
$\{P_{i}=(a_{i}, 0)|1\leq i\leq n\}$ $(n=2g+2)$
(2)
$\{P_{i}=(a_{i}, 0)|1\leq\dot{2}\leq n\}\cup\{P_{\infty}=(\inftyinfty)\}$ $(n=2g+1)$
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. $B_{f}$ $X_{f}$ Weierstrass . $\mathrm{G}\mathrm{a}1(f/k)$ $B_{f}$
, $\mathrm{S}_{2g+2}$ ( ). , $X_{f}$
2 . $n$ $n$
, $\mathrm{G}\mathrm{a}1(f/k)\cong \mathrm{S}_{2g+2}(n=2g+2)$ $\mathrm{G}\mathrm{S}\mathrm{p}$ ( $2g$ , F2) $=\mathrm{S}\mathrm{p}$ ( $2g$ , F2)
. ,
1 $\mathrm{S}_{2g+2}$ Sp(2g, F2) ( )
.
1 Sp $(4, \mathrm{F}_{2})\cong \mathrm{S}_{6}(g=2)$ . $g=3,4$
$\mathrm{S}_{8},$ $\mathrm{S}_{10}$ Sp(6, F2), Sp(8, F2) 36, 13056 .
$\mathrm{F}_{q}$ Sp(2g, $\mathrm{F}_{q}$ )
$|\mathrm{S}\mathrm{p}(2g, \mathrm{F}_{q})|$ $=$ $q^{g^{2}} \prod_{i=1}^{g}(q^{2i}-1)$
$g>1$ $(2g+2)!$ , $\ell\neq 2$ $\mathrm{S}_{2g+2}$ Sp(2g, $\mathrm{F}\ell$ )
.
2. $J_{f}$ 2 ( )
$Xf$ ( ) $J_{f}$ . $Jf$ $\ell$
\ell \ell $Jf[\ell$“$]$ $:=\{P\in Jf|\exists n, \ell^{n}P=O\}\cong(\mathbb{Q}\ell/\mathbb{Z}_{\ell})^{2g}$ $\mathrm{G}_{k}:=\mathrm{G}\mathrm{a}1(\overline{k}/k)$
\ell \ell
$\rho_{f,\ell}$ : $\mathrm{G}_{k}$ $arrow$ $\mathrm{G}\mathrm{S}\mathrm{p}(2g,\mathbb{Z}_{\ell})$ (3)
. $\mathrm{m}\mathrm{o}\mathrm{d} \ell$ $\ell$ $J_{f}[\ell]$ $(\mathrm{m}\mathrm{o}\mathrm{d} \ell)$
$\overline{\rho}_{f,l}$ : $\mathrm{G}_{k}$ $arrow$ $\mathrm{G}\mathrm{S}\mathrm{p}(2g, \mathrm{F}_{\ell})$ (4)
. $\ell=2$ $\overline{\rho}_{f^{2}}$, ( ) , $\mathrm{G}\mathrm{a}1(f/\mathrm{k})$ .
$Jf$ $\mathrm{P}\mathrm{i}\mathrm{c}^{0}(Xf):=\mathrm{D}\mathrm{i}\mathrm{v}^{0}(X_{f})/P(X_{f})$ .





$n=2g+1$ ( ) . ,
$\{$
$\mathrm{d}\mathrm{i}\mathrm{v}(x-a_{i})=2(P_{i}-P_{\infty})$ , $(1 \leq i\leq 2g+1)$
$\mathrm{d}\mathrm{i}\mathrm{v}(y)=$ ($P1+\cdots$ $P2g+1$ ) $-(2g+1)P_{\infty}$
.
$e_{i}$ $:=$ $[P_{i}-P_{\infty}]$
$\in \mathrm{P}\mathrm{i}\mathrm{c}^{0}$ $(1 \leq \mathrm{i}\leq 2g+1)$ (5)
2, $Jf[2]$ . $Jf[2]$
$e_{1}+\cdots+e_{2g+1}$ $=$ 0
. $\{1, 2, \ldots 2g7+1\}$ $S$
$e_{S}$ $:=$
$\sum_{i\in S}e_{i}$
(6) $es=e_{\overline{S}}$ ( $\overline{S}$ $S$ ) .
(Mumford[9] ).
1 $n=2g+1$ ( ) $Jf[2]$ :
$Ji[2]$ $=$ {es $||S|\equiv 0$ mod 2},
$es+e\tau$ $=$ $es\circ\tau$ , $S\circ T:=S\cup T-S\cap T$.
$J_{f}$ $k$ , $k(Jf[2])=k(a_{1}, .., a_{n})=f$
$k$ . $n=2g+2$ ( )
., , $n=2g+2$ ( ) $f(X)$ $k(a_{2g+2})$
$x\mapsto 1/(x-a_{2g+2})$ , $(a1, a2, \ldots,a2g+2)$ ( $a_{1’}$ , a2’, . . . , $a_{2g+1}’,$ $\infty$ )
, $Xf$ $y^{2}=(x-a_{1’})\ldots(x-a_{2g+1}’)$ $k(a_{2_{\mathit{9}}+2})$




. $\mathrm{G}\mathrm{S}\mathrm{p}$ ( $2g$ , F2) $=\mathrm{S}\mathrm{p}$( $2g$ , F2) $=\mathrm{A}\mathrm{u}\mathrm{t}(V, F)$ .
288
1 $(\vec{x}_{\dot{\mathrm{t}},j})\in V^{(2g+2)^{2}}$ $(1 \leq \mathrm{i},j\leq 2g+2)$ 2 , Asyzygetic
system ($\mathrm{A}$ -system) .
(i) $\vec{x}_{i,j}+\vec{x}_{j,k}+\vec{x}_{k,i}$ $=$ $\vec{0}$ $(\forall \mathrm{i},j, k)$
$(\mathrm{i}_{\hat{b}}.)$ $F(\vec{x}_{ij\}},\overline{x}_{i,k})$ $=$ 1 ($\forall \mathrm{i},j,$ $k$ : distinct).
$\ovalbox{\tt\small REJECT}$ $\text{ }\ovalbox{\tt\small REJECT}$
$\vec{x}_{i,i}=\vec{0}(\forall \mathrm{i})$ , $\vec{x}_{i,j}=x_{j,i}\prec(\forall \mathrm{i},j)$ . (i) $k=2g+2$
$\vec{x}_{i,j}=\vec{x}_{i,2g+2}+\vec{x}_{j,2g+2}$ $(\forall \mathrm{i},j)$
. $\vec{x}_{i}:=\tilde{x}_{i,2g+2}$ $\{\vec{x}_{1}$ , . . . , $\vec{x}_{2g}\}$ Gramm
$G:=(F(\vec{x}_{i},\vec{x}_{j}))$ $=$ $(\begin{array}{lll}0 1 11 0 1\vdots ... \cdot. \vdots 1 1 0\end{array})$
$G^{2}=I_{2g}$ . $\{x_{1}, \ldots,\vec{x}_{2g}\}\neg$ $V$ . ( (ii)
$\mathrm{a}$
$F(\vec{x}_{1}+\ldots+\vec{x}_{2g+1},\vec{x}_{i})=2g=0(\mathrm{i}=1, .., 2g)$ . $F$ $\vec{x}_{1}+\ldots+\vec{x}_{2g+1}=\vec{0}$
$\vec{x}_{2g+1}$ $=$ $\vec{x}_{1}+\ldots+\vec{x}_{2g}$ .
A-system , $(V, F)$
A-system .
2 $\mathrm{F}_{2}$ ( ) $2g$ $(V, F)$ A-system
4
. $(V, F)$ $\{\vec{a}_{1},\vec{b}_{1}, . . . , a_{g},\overline{b}_{\mathit{9}}rightarrow, \}$ :








$(\vec{a}_{1}+b_{1}\prec+\ldots+\vec{a}_{i}+\vec{b}_{i})+\vec{a}_{i+1}$ $(0\leq \mathrm{i}\leq g-1\}$
$\tilde{x}_{2i+2}$ $=$ ( $\overline{a}_{1}+\tilde{b}_{1}+\ldots$ $\tilde{a}_{i}+\vec{b}_{i}$) $+\tilde{b}_{i+1}$ $(0\leq \mathrm{i}\leq g-1)$
$x_{2g+1}\prec$ $=$




$\vec{x}_{i,2g+2}$ $=$ $\tilde{x}_{i}$ $(1 \leq \mathrm{i}\leq 2g+2)$
$\vec{X}:_{\dot{f}}$, $=$ $\overline{x}_{i,2g+2}+\tilde{X}j_{)}2g+2$ $(1 \leq \mathrm{i},j\leq 2g+2)$
($\vec{x}_{i,j/}^{\mathrm{a}}\in V^{(2g+2)^{2}}$ A-system .
$\mathcal{X}=(\vec{x}_{i,j})$ A-system . $\sigma\in \mathrm{S}_{2g+2}c$
$\sigma(\mathcal{X})$ $:=$ $(\overline{x}_{i,j}’)$ , $\overline{x}_{i,j}^{t}=\vec{x}_{\sigma(i\},\sigma(j)}$.
$\sigma(\mathcal{X})$ A-system , $\{\vec{x}_{1}, \ldots,\vec{x}_{2g}\}(\vec{x}_{i}:=\vec{x}_{i,2g+2})$
$V$ ,
$\overline{\sigma}$ : $\vec{x}_{i,j}\mapsto\vec{x}_{i,j}’$
$(V, F)$ . :
1 $(V, F)$ F2 ( ) $2g$ , $\mathcal{X}$ A-system
$h$ : $\mathrm{S}_{2g+2}$ $\mapsto$ Sp(2g, $\mathrm{F}_{2}$) $=\mathrm{A}\mathrm{u}\mathrm{t}(V_{1}F)$ , $\sigma\mapsto\overline{\sigma}$
$\overline{\sigma}:x_{i,j}’\prec$ $\mapsto$ $\vec{x}_{i,j}’$ $=\vec{x}_{\sigma(i),\sigma(j)}$
$\mathrm{S}_{2g+2}$
$\mathrm{S}\mathrm{p}$ ( $2g$ , F2) .
$n=2g+2$ ( ) $Xf$
$\mathrm{d}1\mathrm{v}(x-a_{i})$ $=$ 2Pi\dashv Q $Q_{\infty}’$ ) $(1\leq \mathrm{i}\leq 2g+2)$
$\mathrm{d}\mathrm{i}\mathrm{v}(\frac{x-a_{i}}{x-a_{j}})$ $=$ $2(P_{i}-P_{J^{\mathfrak{l}}})$ $(1 \leq \mathrm{i},j\leq 2g+2)$ (6)
. , $Q_{\infty},$ $Q_{\infty}’$ $x=\infty\in \mathrm{P}^{1}$ $X_{f}$ . 2
$e_{i,j}$ $:=$ $[P_{i}-P_{\infty}]$
$\in \mathrm{P}\mathrm{i}\mathrm{c}^{0}$ $(1\leq \mathrm{i},j\leq 2g+2)$ (7)
2, $Jf[2]$ . $V:=Jf[2]$ F2 $2g$
, $Jf$ $J_{f}^{\vee}$ pairing
$F$ : $J_{f}[2]\mathrm{x}J_{f}[2]$ – $\mu_{2}$ 2 (8)
( ) .
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2 $(V, F)$ $V:=J_{f}[2_{\mathrm{J}}^{\rceil}$ pairing (8) $(.e_{i,j})_{1\leq i,j\leq 2g+2}$
$A$ -system .
. (i) . (ii) Mumford [9] Prop 63 .
3. Hyperelliptic involution
, $X/k$ ,
$J(X)$ (i.e., $\mathrm{E}\mathrm{n}\mathrm{d}_{\overline{k}}(J(X))\cong \mathbb{Z}$ ) \sim A
$\rho_{f^{\ell}}$, $\mathrm{G}\mathrm{S}\mathrm{p}(2g, \mathbb{Z}\ell)$ . , ,
$X_{f}/k$ $\mathrm{m}\mathrm{o}\mathrm{d} 2$ $\overline{\rho}_{f,2}$ $\mathrm{G}\mathrm{S}\mathrm{p}(2g, \mathrm{F}_{2})$ ,
$\mathrm{S}_{2g+2}$ . , $J(X)$ ,
$X$ .
$k$ $\mathbb{C}$ .






$\psi$ : $\pi_{1}(X(\mathbb{C})_{)}*)arrow\pi_{1}(X(\mathbb{C}), *)^{ab}=\mathrm{H}_{1}(X(\mathbb{C}), \mathbb{Z})=\oplus^{g}(\mathbb{Z}a_{i}\oplus \mathbb{Z}b_{i})\mathrm{i}=1$
1 , $\{a:, b_{i} (1 \leq \mathrm{i}\leq g)\}$
.
$\mathrm{F}_{g}$ $=$ $\mathrm{O}\mathrm{u}\mathrm{t}^{+}(\pi_{1}(X(\mathbb{C}), *))=\mathrm{D}\mathrm{i}\mathrm{f}\mathrm{f}^{+}(X(\mathbb{C}))/(\mathrm{i}\mathrm{s}\mathrm{o}\mathrm{t}\mathrm{o}\mathrm{p}\mathrm{y})$ (10)
$g$ (Teichm\"uller ) $\Gamma_{g}$ $\mathrm{H}_{1}(X(\mathbb{C}), \mathbb{Z})$
$\psi_{*}$ : $\Gamma_{\mathit{9}}$ $arrow$ $\mathrm{A}\mathrm{u}\mathrm{t}(\mathrm{H}_{1}(X(\mathbb{C}), \mathbb{Z}))=$ Sp(2g, $\mathbb{Z}$) (11)
.
2 $\mathrm{i}\in \mathrm{F}_{\mathit{9}}$ $i^{2}=1$ , $\psi_{*}(\mathrm{i})=-I_{2g}\in \mathrm{S}\mathrm{p}(2g, \mathbb{Z})$ (hyperel-
liptic involution) . $\mathrm{i}\in\Gamma_{g}$
$g$




$\overline{\psi}_{*}$ : $\Gamma_{g}$ $arrow$ Sp(2g, $\mathrm{F}_{2}$ ) (13)
.
3 $\mathrm{i}\in\Gamma_{g}$ $\overline{\psi}_{*}$ $(H_{g}(i))\cong \mathrm{S}_{n}$ .
. , 0 $X(\mathbb{C})arrow \mathrm{P}^{1}(\mathbb{C})$ 2
$2g+2$ $B$ $\mathrm{i}$ . $\forall h\in$
$H_{g}(\mathrm{i}),$ $P\in B$ $\mathrm{i}\circ h(P)=h\circ \mathrm{i}(P)=h(P)$ $h(P)\in B$ . $h\in H_{g}(i)$ .
$B$ $\overline{h}$
, $X$ $k$ ,
$\varphi x$ : $\mathrm{G}\mathrm{a}1(\overline{k}/k)$ $arrow$ $\Gamma_{g}^{\mathrm{p}\mathrm{r}\mathrm{o}-f}$ (14)
. $X=X_{f}/k$ $k$ $i:(x, y)\mapsto$
$(x, -y)$ . , $\varphi x$ $H_{g}(\mathrm{i})^{\mathrm{p}\mathrm{r}\mathrm{o}-\ell}$ . $\varphi x_{f}$ $\psi_{*}$ $\mathrm{p}\mathrm{r}\mathrm{o}-\ell$
$\rho_{f^{\ell}}$, , $\overline{\rho}_{f,2}$ $\mathrm{S}_{2g+2}$ .
4. 2
$f(X)arrow X_{f}$
” ” $>$ , $|_{j}\mathrm{a}$
, , $\overline{k}$ Torelli
$J_{f_{1}}\cong J_{f2}\Leftrightarrow X_{f1}\cong X_{f2}\Leftrightarrow B_{f_{1}}=\gamma(B_{f2})$
$(\exists\gamma\in \mathrm{G}\mathrm{L}(2,\overline{k}))$
.
2 $f_{1}(X),$ $f_{2}(X)\in k[X]$ 2 , $J_{f\mathrm{x}},$ $Jf_{2}$
$\overline{k}$
(isogenous) ?
(i) $f_{1},$ $f_{2}$ $k$ : $\mathrm{S}p1(fi/k)=\mathrm{S}\mathrm{p}1(f2/k)$
(ii) $X_{f_{1}},$ $X_{f_{2}}$ $\text{ }\backslash \text{ ^{}\prime}$ : $g(X_{f})1=g(X_{f2})$
. $k$ (Tate, Faltings)
$J_{f}$ ,$J_{f}12$ $k$ $\Pi\overline{l3}$ , \ell \ell : $\rho f1,\ell\approx\rho f2,\ell$
, (i),(ii) $Jf1$ ’ $J_{f2}$ $k$ .
$\grave{\grave{\}}},$
$\overline{k}$
( $k$ ) $|,\backslash$ . ,
$f\mapsto Xf$ Zarhin :
282
3 (Zarhin [11]) $f(X)\in k[X]$ $n(>4)$ , $k$
( $\mathrm{G}\mathrm{a}1(f/k)=A_{n},$ $\mathrm{S}_{n}$ ) ,
, $\mathrm{E}\mathrm{n}\mathrm{d}_{\overline{ki}}(Jf)\cong \mathbb{Z}$ .
, 2 .
Brumer ( ) ($a,$ $b,$ $c$
).
$f(a, b_{7}\mathrm{c};X)$ $:=$ $X^{6}-(4+2b+3c)X^{5}+(2+2b+b^{2}-ac)X^{4}$ (15)
$-(6+4a+6b-2b^{2}+5c+2ac)X^{3}+(1+b^{2}-ac)X^{2}+(2-2b)X+(1+c)$ .
,
4 $k=\mathbb{Q}(a, b, c)$ $\mathrm{G}\mathrm{a}1(f(a, b, c;X)/k)=A_{5}$ .
, $s,t,$ $z$ $\mathbb{Q}$ ( $s$ , $z$ ) 2 Q $\psi,$ $\varphi$
$\psi$ : $(s, t, z)\mapsto(t, z_{\}}s)$ , $\varphi$ : $(s,t, z)\mapsto(f(s, t, z), t, z)$ ,
$f(s, t, z):= \frac{-1+s+tz}{-1+st+sz+stz}$
5 $A_{5}$
$\varphi^{2}=\psi^{3}=(\varphi\circ\psi)^{5}=1$
. $\psi,$ $\varphi$ 5 $A_{5}$ $G$ . , $s$
$G=\langle\psi, \varphi\rangle$ 6
$R(s,t, z)$ $=$ $\{s,$ $t,$ $z,$ $f(s, t, z)_{\mathrm{I}}f(s, t, z),$ $f(s, t, z)\}$ (16)
. .
Aut $(R(s, t, z))$ $:=$ $\{\sigma\in \mathrm{A}\mathrm{u}\mathrm{t}\mathbb{Q}(\mathbb{Q}(s, t, z))|\sigma(R(s, t, z))=R(s,t, z)\}$
$=$ $\langle\psi, \varphi\rangle=G$ .
$R(s,t, z)$ $x_{1},$ $\ldots,$ $x_{6}$ $\varphi=(14\rangle(56), \psi=(123)(456),$ $\varphi\circ\psi=$
(12346) . $f(a, b, c;X)$ $R(s, t, z)$
$\mathrm{f}\dot{\mathrm{f}\mathrm{i}}$ :
$f(a, b, c;X)$ $=$ $\prod$ $(X-x_{i})$ . (17)
$x_{i}\in R(s,t,z)$












. $R’(s, t, z)=\{y_{1}, \ldots, y_{6}\}$ $G=\langle\psi, \varphi\rangle$
, $\{y_{1}, \ldots, y_{5}\}$ $\psi=(12)(34),$ $\varphi=(154),$ $\varphi\circ\psi=$ (15342) .
$R^{J}(s,t, z)$ 5 $\mathbb{Q}(s, t, z)^{G}=\mathbb{Q}(a, bc)\}=k$ :
$g(a, b, c;X):= \prod_{i=1}^{\mathrm{S}}(X-y_{i})$ $\in \mathbb{Q}(a, b, c)[X]$ (18)
$\mathbb{Q}(x_{1}, \ldots, x_{6})=\mathbb{Q}(y_{1}, \ldots, y\epsilon)=\mathbb{Q}(s, t, z)$ . $f1(X):=$
$f(a_{1}b, c;X),$ $f_{2}(X):=f(a, b, c,\cdot X)$ $k=\mathbb{Q}(a, b, c)$ 2 .
, $\deg(f_{2})=5$ $\mathrm{G}\mathrm{a}1(f_{2}/k)=A_{\mathrm{d}}r$ Zarhin[11] { $\mathrm{E}\mathrm{n}\mathrm{d}_{\overline{k}}(Jf2)\cong \mathbb{Z}$.
$Jf,$ , $J_{f_{2}}$ $\overline{k}$ (isogenous) .
, $\mathbb{Q}(s, t, z)^{G}=\mathbb{Q}(a, b, c)=k$ 5 As [4] (Noether
$W_{{}^{t}F\grave{\grave{\mathrm{t}}}}k$) , 3 Cremona ,
2 Cremona $(\mathrm{c}.\mathrm{f}. [2])$ .
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